Introduction and Aims-The Growth stage of a patient can have considerable influence on diagnosis, treatment goals, timing and planning and the eventual outcome of orthodontic/orthopedic treatment. The purpose of this study was to analyze associations between the cervical vertebrae maturation score (CVMS) and skeletal maturation index (SMI). The second objective was to determine the reproducibility of the measurements on lateral cephalograms and hand-wrist radiographs. Materials and Methods-Lateral cephalometric and left hand-wrist radiographs of 92 untreated subjects (44 females and 48 males) aged from 8 to 17 years were obtained from the files of the Columbia University, Division of Orthodontics and measured for growth stage using cervical vertebrae and hand-wrist methods. Results-A high correlation was revealed between the hand-wrist and cervical vertebrae measurements. The Spearman's rho correlation coefficient was 0.925 and significant at the 0.01 level. The correlation between hand-wrist and age (0.665, p < 0.01) was slightly greater than that of the CVMS (0.611, p < 0.01). Intra rater reliability was high. When the three categorically modified methods of the Fishman's 11 skeletal maturation stages in hand and wrist analysis were used to compare with CVMS, methods 2 and 3 were both statistically significantly different according to the Wilcoxon signed ranks test and the Sign test at a significance level of less than 0.05. However, for method 1, the tests showed probability scores of 0.028 and 0.151, respectively, showing no significant difference at the 0.01 level in the Wilcoxon Signed Ranks Test, and no significant difference in the 0.01 and 0.05 level in the Signed Test. Conclusions-The Fishman's hand and wrist skeletal maturation index and Bacetti's cervical vertebrae maturation stages are both useful tools in evaluating growth stages. Fishman's handwrist method is slightly more accurate.
Introduction
An understanding of growth is very important to the practice of clinical orthodontics and dentofacial orthopedics. The growth stage of the patient can have considerable influence on diagnosis, treatment goals, treatment planning, and the eventual outcome of treatment. Clinical decisions regarding use of orthopedic extra-oral traction forces, functional appliances to make orthopedic changes, extraction versus non-extraction treatment, or orthognathic surgery may be dependent upon growth considerations. For example, the use of functional appliances to correct Class II skeletal discrepancies will have its greatest affect if the peak in mandibular growth in a favorable direction occurs during the treatment period [1] . In the light of other studies [2] [3] [4] , it is appropriate to take another look at the two most commonly utilized methods of growth evaluation, the hand-wrist radiographic analysis and the cervical vertebrae analysis using the cephalometric radiograph.
The typical growth pattern of a child is characterized by a growth rate that decreases from birth, with a minor mid-growth spurt at approximately 6 to 8 years of age, a pre pubertal minimum, and a pubertal growth spurt [2] . Although growth events occur in this reasonably constant sequence, the chronological ages at which they are reached vary considerably among children. Because of this variation, physiologic parameters have been used in an attempt to identify stages of growth, such as chronological age, sexual maturation characteristics, dental development, attainment of peak growth velocity, height, weight, and skeletal development. Moore et al. [5] in 1990, found a correlation between skeletal maturation and statural height.
The standard method for evaluating skeletal maturity was, for many years, by use of hand-wrist radiographs. In the 1900s, studies were performed tabulating indicators of maturity on sequential radiographs of the growing hand and wrist.
In 1928, Hellman [6] published his observations on the ossification of epiphyseal cartilages of the hand. Greulich and Pylep [7] later made a radiographic atlas for the skeletal development of the hand-wrist. A more current system of skeletal maturation indicators (SMIs) was developed in 1979 by Fishman [8] showing that developmental events of an individual's hand relate directly to the progression of maturation during childhood and adolescence. Each progressive stage represents an increasing percentage of total facial skeletal growth completed.
The stages of cervical vertebrae maturation (CVM) are related to growth changes in the mandible, which has also proved to be effective in determining mandibular skeletal maturation in growing subjects according to O'Reilly and Yanniello. [9] Franchi, et al. [10] , confirmed the validity of the six CVM stages [11] with the most frequently used one modified by Bacetti et al. [12] in 2002. The new analysis was comprised of not 6 but 5 stages of CVM. Statistically significant increases in mandibular length, corpus length, and ramus height were associated with specific maturation stages. Since they determined that no statistically significant discrimination can be made between CVMS 1 and CVMS 2 as defined in the former CVM method, they further stated that the presence of a concavity at the lower border of the second cervical vertebra is not a distinctive feature of CVMS 2 when compared to CVMS 1. Thus the two former stages (CVMS 1 and CVMS 2) were merged into one single stage in this method.
Purpose of Study
The primary purpose of the present study was to analyze associations between the cervical vertebrae maturation stage (CVMS) method proposed by Bacetti, et al. [12] , and the hand-wrist skeletal maturation index (SMI), developed by
Fishman [8] . The second objective was to determine the reproducibility and consistency of the determinations made on lateral cephalograms and hand-wrist radiographs.
Materials & Methods
The cephalometric and hand-wrist radiographs of 92 subjects (44 females and 48 males) from the Postdoctoral Orthodontic clinic at the Columbia University
College of Dental Medicine comprised the sample for this study. Subjects were included only if both the lateral cephalometric and hand-wrist radiographs were taken on the same day. None of the patients included had any anatomical malformations of the cervical vertebrae or hand-wrist. The patients had an age range of 8 to 17 years. Poor clarity or contrast of the radiograph excluded the subject from the sample pool.
All the radiographs were taken from the same digital x-ray equipment, Dentsply Gendex, OrthoralixTM 9000 System. Radiographs were evaluated using Gendex Imaging software, VixWin.
The skeletal maturation index (SMI) system developed by Fishman [7] was used to determine skeletal maturation by hand-wrist evaluation for each subject.
This system utilizes four ossification stages of bone maturation found at six sites located on the thumb, third finger, fifth finger, and radius. Eleven adolescent skeletal maturation indicators (SMI) are found at these six sites. The sequence of four ossification stages includes epiphyseal widening, ossification of the sesamoid of the thumb, capping of the selected epiphyses over their diaphysis, and fusion of selected epiphyses.
Once the SMI was scored from the hand-wrist radiograph, the lateral cepha- assessed. The morphology of the cervical vertebrae C2 through C4 was evaluated by visual inspection. Cervical Vertebral Maturation Stage (CVMS) was attained using the system described by Bacetti, et al. [11] .
Intra-observer error was determined by interpreting the SMI and CVMS of the same records 2 weeks later, and comparing results. The CVMS readings were evaluated against the previously determined SMI readings to see what associations exist.
Statistical analyses were performed using a commercial program, SPSS V. 11.5
for Windows (Manufacturer: SPSS Inc. Chicago, IL 60606). The program generated the mean, standard deviation, minimum, maximum, range, and sample size. Comparisons and correlations were made to obtain a P value to provide inference for significance at the P < 0.05 level.
In an earlier study by Hassel and Farman [13] , the cervical vertebrae skeletal maturation was sequentially segregated by SMI grouping. Six categories of cervical vertebrae maturation were defined and related to Fishman's skeletal maturation index (SMI) as shown in Table 1 .
In order to explore the associations of the five-stage CVMS to SMI, the following methods were used to determine what associations exist as shown in Table 2 .
for Windows (Manufacturer: SPSS Inc. Chicago, IL 60606). The program generated the mean, standard deviation, minimum, maximum, range, and sample 
Results
Descriptive statistics of the variables are found in Table 3 .
Intra-observer correlation was high when determining SMI stage. The SMI stage was determined for each of the 92 subjects by evaluation of the hand-wrist radiograph. These same radiographs were reevaluated 2 weeks later by the same operator and the SMI categories were again assigned. Eighty of the 92 SMI determinations were the same in the second evaluation as they were in the first. A high correlation existed between the first and second readings using Spearman's rho coefficient (correlation = 0.993, p < 0.01) ( Table 4) . Wilcoxon signed ranks test and the Sign test revealed probability scores of 0.248 and 0.388, respectively, indicating no significant difference (at P < 0.05 or 0.01) between the two readings (Table 5 ). High intra-observer correlation existed when assigning CVMS. Lateral cephalometric radiographs from the same 92 patients as the hand-wrist films were evaluated, and CVM stages were assigned. The same radiographs were reevaluated 2 weeks later by the same operator. 88 of the 92 CVM stage determinations coincided with those determined 2 weeks previously. The correlation was also high between the two readings (correlation = 0.981, p < 0.01) using Spearman's rho coefficient (Table 4) . Wilcoxon signed ranks test and sign test revealed probability scores of 0.414 and 0.688, respectively, indicating no significant difference between the two readings (Table 5) .
High correlation was found between the hand-wrist and cervical vertebrae readings. The Spearman's rho correlation coefficient was 0.925 and significant at the P < 0.01 level ( Table 6 ). The correlation between hand-wrist and age (0.665, p < 0.01) was slightly greater than that of the CVMS (0.611, p < 0.01) as shown in Table 6 . When the three categorically modified methods (see Materials and Methods) of the Fishman's 11 skeletal maturation stage in hand and wrist were used to compare with CVMS, methods 2 and 3 were both statistically different according to the Wilcoxon signed ranks test and the Sign test at an significance level of P < 0.05 (Table 7) . However, for method 1, the tests showed probability scores of 0.028 and 0.151, respectively, showing no significant difference at the P < 0.01 level in the Wilcoxon Signed Ranks Test, and no significant difference at the 0.01 and 0.05 level in the Signed Test (Table 7) . 
Discussion
The high correlation between the cervical vertebral maturation stages and the hand-wrist skeletal maturation indices confirmed previous studies [14] [15] [16] showing that both methods can be utilized to help determine growth potential in an adolescent patient. The main reason for using CVM rather than hand-wrist evaluation has been to reduce radiation exposure since a cephalometric radiograph is readily available because it is required for diagnosis and treatment planning in almost every orthodontic case. However a 2012 study by Patcas et al., [17] has shown that the effective dose of a conventional hand-wrist radiograph added to that of a cephalometric radiograph with a thyroid shield is less than a cephalometric radiograph alone without a thyroid shield. This is because The observations of Lamparski [11] , Hassel and Farman [13] , and Bacetti et al. [12] , were confirmed during the evaluation of CVMS. The size, shape, and inferior curvature were seen to differ at each level of maturation. The vertebral bodies changed from wedge-shaped, to horizontal rectangular, to square, to vertical rectangular as skeletal maturity progressed. The inferior borders changed from flat to concave, and were seen to appear sequentially from C2 to C3 to C4 during maturational progression, and became more distinct. However, difficulty determining classification occurred at times. The difficulty occurred when differentiating borderline cases. It must be kept in mind that skeletal maturation is a continuous process with each stage of maturation blending into the next.
The evaluation and interpretation of the CVMS of the same case was consistent, as shown by the high intra-observer correlation. The evaluation of intraoperator error in SMI determination also suggested that interpretation from one time to the next varied slightly but not significantly. The instances of intra-observer disagreement, in this study, fell within one CVMS category of the previous interpretation. Clinically, these differences should not be of great importance. Open Journal of Orthopedics the study, however, in the long run, we concluded that doing this would have added too much irrelevant data to the study. Also, the male and female subjects could have been measured separately to determine whether there was sexual dimorphism. We also think that it would be useful to repeat Hassel and Farman's [13] study and using Bacetti's CVMS method to observe the relations between CVMS I and SMI stages 1 through 6. In summary, the discrepancy between the modified methods and CVMS in the significant levels demonstrates a wider range of questionable compatibility to merge the two methodologies as one. In a 2013 study Beit [18] et al. found that CVM offers no advantage over chronologic age in assessing skeletal age or in predicting the pubertal growth spurt.
The study by Turchetta et al. [2] demonstrated that a maturation-based analysis was better than a chronologically based method such as the Johnston grid [19] or the Ricketts [20] analysis for both long term and short term growth prediction.
Conclusions
1) The Fishman hand and wrist skeletal maturation index and Bacetti's cervical vertebrae maturation stages are both effective for evaluating craniofacial growth and development to facilitate orthodontic and orthopedic diagnosis and treatment planning.
2) The correlation between hand-wrist SMI and age (0.665, p < 0.01) was slightly greater than that of the CVMS (0.611, p < 0.01).
3) In this study, the hand-wrist analysis was slightly more accurate than CVMS in evaluation of growth and development.
